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Brenes, A., Rotter, B. A., Marquardt, R. R. and Guenter, W. 1993. The nutritional value of raw,
autoclaved and dehulled peas (Piszrz sativum L.) in chicken diets as affected by enzyme supplemen-
tation. Can. J. Anim. Sci. 73: 605 614. The effects ofadded crude enzyme preparations, autoclaving
and dehulling on the nutritional value of diets containing a low-tannin (Trapper) and high-tannin (Maple)
cultivar of peas (Pisum sativum L.) for chicks were determined in fbur experiments. The addition of
crude enzymes from different sources and at different concentrations to a diet containing 75% of the
low-tannin peas did not improve chick performance (exp. 1). Similarly, no improvement in perfor'-
mance was observed when a combination of crude enzymes was added to the diet containing whole
or dehulled low-tannin peas, (exp. 2). Autoclaved treatment and enzyme addition to the diet containing
the high-tannin Maple peas improved (P < 0.05) the feed-to-gain ratio but not the weight gain (exp. 3).
Autoclaving or dehulling improved the apparent metabolizable energy (21 vs. 30%) and apparent pro-
teindigestibility(l1vs. l5%)ofthehigh-tanninpeas,respectively,incontrasttothelow-tanninpeas
(experiment 4). Dehulling improved the feed-to-gain ratio of chickens fed both cultivars of peas. In
conclusion, the results indicate that addition of crude enzymes to diets containing raw or dehulled low-
tannin peas do not improve the chick performance but improve the feed efficiency of chicks when fed
with the high+annin peas. Autoclaving and dehulling improved the apparent metabolizable energy and
protein digestibility values of high-tannin Maple peas while dehulling improved the f'eed-to-gain ratio
of both cultivars.
Key words: Crude enzyme, peas, chick, metabolizable energy, dehulling, autoclaving
Brenes, A., Rotter, B. A., Marquardt, R. R. et Guenter, W. 1993. Bffet d'un compldment enzyma-
tique sur la valeur nutritive des pois (Pisum sativum L.) crus autoclavds et ddpellicul6s pour les
poulets. Can. J. Anim. Sci. 73 605-614. Les effets de I'adjonction d'une prdparation enzymatique
brute ainsi que de I'autoclavage et du d6pelliculage ont 6td d6termin6s en quatre exp6riences sur la
valeur nutritive de r6gimes alimentaires contenant un cultivar de pois ir basse teneur (Trapper) et un
cultivar h forte teneur (Maple) en tanins. L'adjonction de diverses prdparations enzymatiques brutes
d diff6rentes concentrations, ir un r6gime fait pour 75% rle pois ir basse teneur en tanins n'a pas am61ior6
les perlbrmances des poulets (expdrience l). On n'a pas non plus notd d'arndlioration ir la suite de I'apport
d'un mdlange d'enzymes brutes ir un r6gime contenant des pois i basse teneur en tanins entiers ou d6pel-
licutds (exp6rience 2). Par ailleurs, I'autoclavage et la compl6mentation enzymatique du r6gime con-
tenant le pois i forte teneur en tanins ont apportd une amdlioration (P < 0,05) de I'indice de
consommation, mais pas du gain de poids (expdrience 3). L'autoclavage ou le ddpilliculage ont amdlior6
I'inergiemdtabolisableapparente(respectivement,par2l et30%)etladigestibilit6apparentedespro6tines
par I I et l5%) des pois |r forte teneur en tanins, par rapport au pois ir basse teneur en tanins. Le d6pel-
liculage a am6liord I'indice de consommation des poulets pour les deux cultivars de pois. Il ressort
rPresent address (A.B.): Consejo Supcrior de Investigaciones Crentillcas. Instituto de Alimentacion Animal. Ciudad
Unrversitaria, 28040 Madrid. Spain.
'Present address (B.R.): Centre fbr Food and Animal Research. Agriculture Canada, K.W. Neatby Bldg. CEF,
Ottawa. Ontario. Canada KIA 0C6.
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606 CANADIAN JOURNAL OF ANIMAL SCIENCE
de ces observations que l'adjonction de pr6parations enzynratiques brutes ir des 169imes contenants des
pois ir basse teneur en tanins crus ou d6pellicul6s n'a pas amilior6 les performances des poulets, mais
l'indice de consommation 6tait am6lior6 quand le traitement poftait sur des pois ir forte teneur en tanins.
L'autoclavage et le ddpelliculage ont relev6 les valeurs d'6nergie m6tabolisable et de digestibilit6 des
prot6ines pour le pois h forte teneur en tanins cependant que le ddpelliculage am6liorait I'indice de
consommation des deux cultivars.
Mots cl6s: Prdparation enzymatique brute. pois, poulet, 6nergie m6tabolisable. d6pelliculage, autoclavage
Peas (Pisum sativum L.) are used as livestock
feed in many parts of the wold. In recent years
peas have been uscd as alternative protein sup-
plements for imported soybean meal. The use
of peas in the diets of growing chickens has
been documented (Moran et al. 1968;
Davidson 1980; Larbier and Blum 1981; Vogt
1983). Raw peas may contain inhibitors that
could lead to poor utilization by humans and
monogastric animals (Savage 1988). Enzymes
have been extensively used in the past decade
as additives to poultry diets (Campbell and
Bedford 199b. Numerous studies have
demonstrated the benefits of crude enzyme
preparations when added to barley-containing
diets (Suga et al. 1978; Hesselman et al. 1981;
White et al. 1981; Classen et al. 1985: Rotter
et ai. 1990). Castanon and Marquardt (1989)
examined the effects of enzyme supplemen-
tation on the utilization of legume seeds and
observed no major improvements in chick
performance. Compared with wheat, peas had
a high percentage ofcarbohydrates which are
poorly digested by adult cockerels (Longstaff
and McNab 1986, 1987). This poor digesti-
bility may be attributed in part to the size and
nature of the starch granules or accessibility
of the starch granules to enzyme attack which
is dependent on the endosperm cell wall thick-
ness and structure. Longstaff and McNab
(1987) suggested that the lower starch diges-
tibility was due to the complex mixture of
polysaccharides including oligosaccharides
(Saini 1988; Trevino et al. 1990). The com-
pler polysaccharide mixture in peas was par-
tially digested by cellulase and amylase
(Longstaff and McNab 1987) which indicates
that there is scope for improving the nutrient
availability from peas for poultry. To inves-
tigate this possibility further, several studies
were conducted: (1) to identify cell-wall-
degrading enzyme supplements that will most
effectively improve chick performance when
added to diets containing 1ow-tannin (Trapper)
and high-tannin (Maple) pea cultivars, with
peas being the major protein supplement; and
(2) the metabolizable energy values of the
raw, autoclaved and dehulled peas were also
determined in this study.
MATERIALS AND METHODS
General Procedures
The experimental diets were fbrmulated to meet
or exceed the minimum National Research Council
requirements for Single Comb White Leghorn and
broiler chicks (NRC 1984). All diets were given
in mash form and the birds had free access to water
and feed throughout the experiment. The pea cul-
tivars used in this study were Trapper (white
f'lower, low-tannin) and Maple (coloured flower,
high-tannin) grown in Manitoba (Canada). The
crude enzyme preparations and their activities (as
determined by the manufacturer) used in the studies
were: Energex (a cell-wall-degrading multi-enzyme
complex that contained hemicellulase, 150 000 U
g r; pectinase 10 000 U g r, p-glucanase,75 U
g r: and endoglucanase. 400 U g rt hydrollzes
a broad range of carbohydrates and was produced
from selected strainol Aspergillus niger), Bio-Feed
Pro (proteolytic enzyme produced from selected
strain of Bacillus licheniformis that contained
150 000 endoproteinase U g ') and Novozym
SP-230 (contained 500 U g I of a-galactosidase
activity) all from NOVO (Novo Nordisk A/S,
Bagsvaerd, Denmark), Cellulase Tv (Mtles
Laboratories Inc., Elkhart. IN 46515) concentrate
(from a controlled fermentation of Trichrtderma
liride; contained 2-t 880 cellulase U g '. and
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cy-amylase (Sigma Chemical Co.. St. Louis, MO
63178) (Sigma Grade VI)
One-day-old male Leghorn and broiler chicks
(Arbor-Acre/Ross parentage) were purchased fiom
a commercial hatchery and raised in Jamesway
(James Mfg. Co., Mount Joy, PA) battery
brooders. Al1 chicks were fed commercial chick
starter crumbles (21% protein) during the 7-d pre-
experimental period. At 7 d of age, the birds were
randomly assigned to the diff'erent diets (Tables I
and 2) in Petersime (Petersirne Incubator Co., Get-
tysburg, OH 45328) battery brooders. Experiments
1 3 were conducted lbr X4 d. The birds were
weighed and feed consumption was determined on
days 14 (7 14 d) and2l (14 21 d). Chickperfor-
mance was measured in terms of feed consumo-
tion, weight gain ancl feedto-gain ratio ancl the
overall values were reported for each experiment
on a per-bird basis.
Experiment I
A total of 432 leghorn chicks were randomly
distributed among nine treatments using six birds
60'7
per pen and eight pen replicates per treatment to
determine the eftect of addition of three diff'erent
crude enzyme preparations (Energex, Bio-Feed
Pro. Cellulase Tv) and amylase and their combi-
nations to a pea-based diet on the perfbrmance of
leghorn chicks (Table 1). The treatments were as
follows: (1) corn-pea control diet (CP); (2) CP plus
0.I % Energex; (3) CP plus 0.3 % Energex; (4) CP
plus 0.1% Bio-Feed Pro; (5) CP plus 0.3% Bto-
Feed Pro; (6) CP plus 0.1 % Energex plus 0.1 %
Bio-Feed Pro; (7) CP plus 0.1% Cellulase Tv;
(8) CP plus 0.3% Cellulase Tv and (9) CP pius
0.1% eachof Energex, Bio-Feed Pro and Amylase.
Experiment 2
A total of l4zl broiler chicks were randomly dis-
tributed among four treatments using six birds per
pen and six pen replicates per treatment to evaluate
the effect of enzyme addition to a whole and
dehulled pea-diet on the performance of broiler
chicks (Table l). The dietary treatments were
arranged as2 x 2 factorial: (1) corn-whole Trapper
peas (CWT); (2) CWT plus 0.1 % each of Energex,
BRENES ET AL. ENZYME SUPPLEMENTATION OF PEAS
Table 1. Compositron of expcrimental diets (exps. I and 2), percent
Experiment I
Trapper peas
Experiment 2
Ingredients Trapper peas Dehulled Trapper peas
Corn
Peas'
Dehulled peasz
Soybean concentratel
Tallow
Dicalcium phosphate
Calcium carbonate
DL-methionine
Vitaminsx
Mineralss
Chromic oride
Enzyme mix'
(added as a premix)
Sand
Calculated anahsis
Protein (%)
ME (MJ ks 
')
Lysine (%)
Meth. + Cyst. (%)
Ca (.%)
P (%) (available)
I I .3,1
75.00
2 .50
o.l-')
1.15
r.43
0.l fi
L00
0.35
030
0.50
t8.77
12. l8
t.l9
0.66
0.80
010
1.92
70.00
800
9.10
L30
1 .60
0.43
1.00
0.35
0.50
22.t9
12.14
r58
0.86
0.90
0.45
7.92
64.18
8.00
9.10
1 .30
1.60
0.43
1.00
0.35
0.50
5. 82
22.19
1.2.t4
1.58
0.8-5
0.90
0.45
zTrapper peas (protein 20.8%. N x 6.25) and dehulled Trapper peas (protein 2j.35%)
lProtein 84%.
xAmount supplied kg-r diet: vitamin A. 8250 IU, vitamin D3.991 IU, vitamin E, ll IU; vitamin B,r, ll.5 pg;
vitaminK, 1.1 mg;ribot1avin.5.5 mg; Ca-pantothenatc. ll.0 mg: niacin.53 mg; cholinechloridc, 1020 mg; folic
acid, 0,75 mg: biotin, 0.25 mg; erhox]'quin. 125.0 mg.
wAmount supplied kg I diet: Mn, 55 mg; Zn, 50 mg: Fe. 80 nig: Cu, 
-5 mg; Se, 0.1 mg; I,0.18 mgl NaCl.2.5 g.vAmount and type of enzyme added is given in Matcrials and Methocls.
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Table 2. Composition of cxperimental diets (cxps. 3 and 4)' percent
Experiment 3
r3.57
75 00
6.50
1.1-5
l.43
0.20
1.00
0.3 5
0.50
t9.37
t2.13
t.23
0.60
0. 80
0.40
Experiment 4
Peas
Ingredients Maple peas Basal Trapper Maple
Corn
Peas'
Sunflower oil
Dicalcium phosphate
Calcium carbonate
DL-methionine
VitaminsY
Minerals*
Enzyme mix*
Calculated analysis
Protein (%)
ME (MJ kg 
')
Lysine (%)
Meth. + Cyst. (%)
Ca (%)
P (%) (available)
61.34
30.00
2.20
1.00
0.3l
1.00
0.35
0.50
20.10
1.2.20
t.ll
0.90
0. 82
0. s9
95.00
1.06
1.82
0.41
1.00
0.35
0.50
19.76
1.52
0.86
0.8s
0.45
95.00
106
1.82
0.4'7
l.00
0.35
0.50
22.90
1.56
085
0.85
0.45
'Trapper (protein 20.8%) and Maplc (protein 24.1 I %).
YSame as Table l.
*Same as Table 1.
sAmount and type of enzyme added is given in Materials and Methods
Bio-Feed Pro and Novozym; (3) corn-dehulled
Trapper peas diet (CDT); (4) CDT plus the same
combination of enzymes as in treatment 2. The
dehutled diets contained sand to replace the hull.
Seeds were dehulled with the aid of a roller and
the hull fraction was removed bv air classiflcation.
Experiment 3
A total of 144 cockerels were randomly distributed
among four treatments (2 x 2 factorial) as fbllows:
(1) corn-raw Maple peas diet (CRM); (2) CRM
plus 0. I % each of Energex, Bio-Feed Pro and
Novozym; (3) corn-autoclaved Maple peas diet
(CAM); and (4) CAM plus the same combination
of enzymes as treatment 2 to determine the effect
of a combination of enzymes (Energex, Bio-Feed
Pro and Novozym) on the performance of leghorn
chicks fed whole raw and autoclaved Maple peas.
The control diet is given in Table 2.
Experiment 4
Two hundred and sixteen broiler chicks were ran-
domly distributed among nine treatments using four
birds per pen and six replicates per treatment to
determine the nitrogen corrected apparent
metabolizable energy (AME,,) of two cultivars
(Trapper and Maple) raw, autoclaved and dehulled
peas. Autoclaving involved the use of pea meal
which was spread to a depth of approximately 1 cm
on stainless steel pans and heated to 121"C for
20 min in a standard laboratory sterilizer. The
seeds were dehulled as described in exp. 2. The
treatments were as follows: (1) corn-soy basal diet
(CS); (2) Trapper peas basal diet (TP); (3) Maple
peas basal diet (MP); (4) CS plus TP diet (50:50
mixture); (5) CS plus MP diet (50:50); (6) CS plus
autoclaved Trapper peas diet; (7) CS plus
autoclaved Maple peas diet (50:50); (8) CS plus
dehulled Trapper peas diet (50:50) and (9) CS plus
dehulled Maple peas diet r50:501. The composi-
tion of the diets is given in Table 2. A1l chicks were
fed commercial chick starter crumbles (21% pro-
tein) during the l0-d pre-experimental period. The
comparative balance trial (10-17 d of age; chromic
oxide indicator at 0.3%) consisted of a zl-d pre-
trial (adaptation) and a 3-d collection period. Feed
consumption, weight gain and feed-to-gain ratio
were also determined in this period.
Chemical Analyses
The pea cultivars (Trapper and Maple) were
analyzed for chemical composition prior to diet fbr-
mulation. Samples of whole and dehulled peas and
hulls were analyzed for dry matter (DM), protetn
(N2 x 6.25), fat (ether extract) ash, calcium and
phosphorus by standard methods (Association of
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Official Analytical Chemists (AOAC) 1984). Neu-
tral detergent fibre (NDF) and acid detergent fibre
(ADF) were determined using a refluxing apparatus
(Laboratory construction Col. Kansas City, MO)
according to procedures outlined by Van Soest and
Wine (1967); the NDF procedure was modified to
exclude use of decalin and sodium sulfite
(Mascharenhas Ferreira et al. 1983). Starch was
analyzed after gelatinization and enzymatic hydrol-
ysis using thermostable a-amylase (Novo, Coppen-
hagen, Denmark) and amyloglucosidase
(Boehringer, Germany) according to the procedure
of Aman and Hesselman (1984). Amino acids were
determined according to the procedures outlined
by Andrews and Baldar (1985) with performic acid
oxidation of cystine and methionine according to
Hirs (1967). Final analvsis was carried out on a
609
LKB 4151 Alpha Plus Amino Acid Analyzer (LKB
Biochron Ltd., Cambridge Science Park, Cam-
bridge, UK) equipped with an LKB 4029
Programmer and a 3393A Hewlett-Packard
Integrator (Hewlet-Packard Co., Avondale, PA
1931 1). Feed and excreta samples were analyzed
for gross energy using a Parr adiabatic oxygen
bomb calorimeter (Parr Instrument Co., Moline,
lL 61265). Nitrogen was determined using the
Kjeldahl procedure as described in Association of
Official Analytical Chemists (AOAC 1984) and
chromic oxide was analyzed according to Williams
et al. (1962). In addition, excreta samples were
analyzed for uric acid content (Marquardt 1983)
and the apparent protein digestibility (APD) was
calculated as described by Rotter et al. (1989). The
procedure used for AME. determination was as
BREN.ES ET AL, ENZYME SUPPLEMENTATION OF PEAS
Table 3. Chemical composition of different fractions of peas
Pea cultivar
Trappcr Maple
Whole Dehulled Hulls Whole Dehulled Hulls
Dry matter (%)
Protein ( % )
Fat (%')
ADF (%)
NDF (%)
Ash (%)
Ca (%)
P (%)
Starch (%)
Hu]1 (%)
Tannin (%)
Amino acid (%)
Alanine
Arginine
Aspartic acid
Cystine
Glutamic acid
Glycine
Histidine
Isoleucine
Leucine
Lysine
Methionine
Phenylalanine
Proline
Serine
Threonine
Tyrosine
Valinc
Ammonia
90.62
20.80
1.18
6.40
14.24
2.74
0.07
0.30
40.3 I
8.31
093
l .87
2.5 8
0.17
3.87
0.98
0.5 i
0.74
1.52
1 .59
019
108
0.9.1
1.11
0.82
0.62
0.87
0.11
92.46
23.35
1.03
2.16
12.87
2.80
0.03
0.32
46.48
1.00
z.0l
2.75
017
4.20
1.05
0.55
0.83
1.65
t.1l
0.20
l.l2
101
l.16
0. t37
0.62
0.91
0.18
94.23
0.31
63.74
11.60
3.11
0.44
0.05
Trace
0.1 I
0.19
0. l7
0.70
0.02
0.42
0.23
0.Ori
0.11
0.27
0.21
0.04
0.19
0. r8
0.22
0.11
0.12
0.t]
0.03
91.55
24.11
0.80
7.15
17.0 1
2. 80
0.09
0.31
39.48
9.71.
0.98
2.37
2.88
0.16
4.20
1.03
0.s5
0.39
1.63
t.64
0.19
1.09
100
1.15
0. t|l5
0.65
r.93
0. l9
92.36
25.86
0.84
1 .83
11.35
2.87
004
0.41
46.34
|.05
2.16
3.17
0. l8
4.57
1.10
060
0.86
1.75
1.81
020
1.17
1.04
1.22
0.90
068
1.00
0.20
92.93
1.72
0.04
57.63
60.77
2.86
0.42
0.06
Trace
6.83
0.21
0.22
0.60
0.00
0.47
4.24
0.10
0.16
0.30
0.29
0.0.1
0.20
0. l8
o.23
0. l8
0. 1l
0.20
0.04
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outlined by Rotter et al. (1990). Total phenolic
content (tannin) in hulls was determined by the
Folin-Dennis method as described bv Burns
( I 963).
Statistical Analysis
All experiments were set up as contpletelv
randomized designs and data were subjected to
anaiysis of variance using the General Linear
Models (GLM) Procedure of the Statistical Anal-
ysis System, Institute, Inc. (1986) program.
Experiments 2 and 3 were analyzed as 2 x 2 fac-
torial arrangements of treatments. Selected hnear
contrasts of interest among various variables were
made within the analysis of variance and used for
mean comparison. Only contrasts that were
significant are presented in the tables.
RESULTS
The composition of the two pea cultivars
(Trapper and Maple) and their dehulled
(cotyledon) and hulled (testa) fractions was
similar (Table 3); however, compared with
whole seeds, dehulled seeds were generally
richer in protein, amino acids and starch and
had less ADF and NDF. Hulls. in contrast.
generally had low protein, amino acids and
starch contents and very high concentrations
of ADF and NDF and Ca. The tannin contents
of the two cultivars differed greatly (0.11 and
6.83% for Trapper and Maple, respectively)'
The results of the feeding trial in exp. I
demonstrate that none of the crude enzyme
preparations produced beneficial responses
when added to the diet containing pea
(Table 4). The enzyme mixtures, except in a
few cases. tended to reduce feed intake and
weight gain but not feed-to-gain ratio. The addi-
tion of Energex to the diet, for example, sig-
nificantly reduced weight gain (P : 0.02) and
feed consumption (P : 0.001) but not the feed-
to-gain ratio (P > 0.05) (contrast 1 vs. 2, 3).
In exp. 2, the addition of a combination of
enzymes (Energex, Bio-Feed Pro and
Novozyrn) to the diet containing whole or
dehulled Trapper peas also resulted in a reduc-
tion (P : 0.05) in feed consumption but not
1P > 0.05t weight gain or the leed:gain ratio
(Table 5). The diet containing dehulled peas
plus sand produced performance values the
same as those obtained when the diet contained
whole peas (P > 0.05). In exp. 3 (Table 6),
the high-tannin Maple pea variety was sub-
jected to autoclaving and enzyme treatments
using the same combination of enzymes as used
in exp. 2. Small but significant reductions in
feed consumption (P : 0.001) and weight gain
Table 4. Perfortnance of leghorn chicks (7-21 d) fed enzyrne supplemented pea-diets (exp' t)
Treatments
Weight gain
(g)
Feed consumption Feed-to-gain
( p ) ratio
No enzymes
Energex 0. I %
Energcx 0.3 %
Bio Feed Pro 0.1%
5 Bio-Feed Pro 0.3%
6 Energex -F BioFeed Pro (0. I % each)
7 Cellulase Tv 0.1%
8 Cellulase Tv 0.3%
9 Energex -F Bio Feed Pro * Amylasc (0.1% each)
SEM
ll6
109
108
il0
1.11
106
116
ll4
il1
2.5
271.
258
249
258
270
) </
215
260
257
+. 
-)
2.35
2.38
2.32
L)+
2.31
2.39
2.38
2.29
2.32
0.04
Treatment contrast
1 vs 2,3
I vs.3,5.8
2,21,7 vs.3,5.8
2.3 vs. 4.5
2.3 vs 7,8
(7-8) vs. ('1-5), interaction
P values
0.022
0.308
0.61 r
0 055
0.015
0.084
0 001
0.024
0.213
0.0 r7
0 002
0.003
0.900
0.857
0.063
0.618
o.1 l.l
0.452
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Weight Feed
gain con\umption
Treatments (g) (g)
Table 5. Performance of broiler chicks (7-21 d) fed
enzyme supplemented raw and dehulled Trapper peas
(exp. 2)z
(P : 0.01) but did not affect (P > 0.05) feed
consumption or weight gain. A pea X euyme
interaction (P : 0.04) indicated that adding
enzyme to raw pea resulted in reduced feed
consumption while no effect was observed for
autoclaved peas.
Broiler chicks fed a high concentration
(95%) of Trapper or Maple peas had signifi-
cantly (P < 0.01) lower weight gains,
increased feed-to-gain ratios (P < 0.01) and
reduced APD (P < 0.01) compared with
those fed the control corn-soybean diet (con-
trast I vs. 2,3,Tab\e 7). In addition, chicks
fed the diet containing a high concentration
of the tannin-fiee pea cultivar (Trapper) had
significantly (P < 0.01) better feed-to-gain
ratio (2.12 vs. 2.37) and a higher APD (12
vs. 50%) (contrast 2 vs. 3) than chicks fed
a diet containing the high concentration ofthe
tannin-containing pea cultivar (Maple).
Feeding a mixed corn-soybean and pea diet
(50:50) as raw peas, however, greatly
improved chick performance yielding values
comparable to those obtained with the corn-
soybean basal diet (contrast I vs. 4, 5). A
comparison among treatments for chicks fed
the 507c pea-containing diets indicated that
dehulling peas further improved the feed-to-
gain ratio (1.70 for whole vs. 1.62 for
dehulled peas (P : 0.02), contrast 4, 5 vs.
8, 9). There were also significant (P < 0.01)
interactions between the cultivar of oea and
autoclaved treatment (linear contrasts 4-5 vs.
6-7, interactions) and between the cultivar of
pea and dehulling (linear contrast 4-5 vs. 8-9,
interaction) for APD (Table 7) and AME'
(Table 8). In these interactions, autoclave
treatment or dehulling compared with the
untreated control had very little effect on the
APD of Trapper peas (83 or 80 vs. 81%,
respectively), but had a very marked effect
on Maple peas (81 or 85 vs. 73%, respec-
tively). Similar results were also obtained
with AME' values. The AME' value of
Maple peas was considerably lower (8.14 vs.
9.16 MJ kg-]) than that of Trapper peas.
Autoclaving (9.88 MJ kg-t) and dehulling
(10.60 MJ kg-') increased the AME. value
of Maple peas but not that of Trapper peas.
Feed-togain
ratro
No enzyme 408
* enzymeY 382
SEM 7.6
P value 0.169
609
s68
1.4.2
0.054
L50
1.45
0.02
0.091
zThere was no interaction (P > 0.05) between enzyme
treatment (diets with or without added enzyme) and dehull
treatment (diets with whole or dehulled peas). There was
also no difference between dehulled and whole peas(P > 0.0s).
JEnergex 0.1% + Bio-Feed Pro 0.1% + Novozym
a.I%.
Table 6. Performance of leghorn chicks (7-21 d) fed
enzyme supplemented raw or autoclaved Maple peas
(cxP 
-r)
Weight Feed
gain consumption Feed-to-gain
fg) tBr ralitrTreatments
Peas (P)
Raw
Autoclaved
NoE
+E'
SEM
ll6
113
ll4
t15
1.6
208
2.03
2.08
2.03
0.02
241
228
L-) /
-).+
0.021
0.009
0.38 1
0.037
0.573
0.1.22
P
E
PXE
Factor P values
0.001
0.219
0.036r
'E : Energex 0.1 % + Bio-Feed Pro 0.1 % + Novozym
0.1%.
vValues for the interaction were: raw peas : 247 g. raw
peas + E:235 C, autoclavedpeas :221 g, autoclavedpeas+E-2309.
(P : 0.04) were observed in the chicks fed
the autoclaved compared with those fed the
raw pea diet. This treatment, however,
improved the feed-to-gain ratio by 2%(P : 0.02). Enzyme addition to either the
raw or autoclaved pea diet also improved the
overall feed-to-gain ratio from 2.08 to 2.03
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TableT. Weightgains.feedconsumption.feedefficiencyandapparentproteindigestibility(APD)ofbroilerchicks
(10 17 d) f'ed various treatments of Trapper and Maple peas (exp 4)
Treatments
Weight gain
(g)
Feed consumptron
(g)
Feed-to-gain APD
ratio (%)
I Corn-soy basal (CS)
2 Trapper peas (TP)
3 Maple peas (MP)
4 CS + TP (50:50)
5 CS + MP (50:50)
6 CS + autoclaved TP (50:50)
7 CS + autoclaved MP (50:50)
8 CS + dehulled TP (50:50)
9 CS + dehulled MP (50:50)
SEM
r93
138
l3l
206
t94
203
l9l
201
205
6.1
319
292
310
319
330
335
333
336
321
8.5
1.65
2.lz
1.69
1.70
1 .65
I .69
|.61
1.58
0.04
83
12
50
8l
13
83
8l
80
85
t.1
Treatment contrast
lvs.4
1vs.5
2vs.3
1 vs. 2,3
I vs. 4.5
2.3 vs. 4,5
4,-5 vs. 6,7
4,5 vs. 8,9
(2-3) vs. (4-5) intcraction
(4-5) vs. (6-7) interaction
(4-5) vs. (8 9) interaction
P values
NS
NS
NS
< 0.01
NS
< 0.01
NS
NS
NS
NS
NS
< 0.05
NS
NS
0.09
006
< 0.01
NS
NS
< 0.05
NS
NS
NS
0.09
< 0.01
< 0.01
NS
< 0.01
NS
< 0.05
NS
NS
0.09
NS
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01
<0.01
< 0.01
< 0.01
Table 8. Apparent metabolizable energy' (AME,,) of
various treatments of Trapper (TP) and Maplc (MP) peas
(exp. 4)
AME. (MJ kg r)
Treatments
The improvements in AME. following
autoclaving and dehulling of Maple peas were
2 1 and 30 % , respectively, compared with the
raw peas. Although the improvements for the
complete diets were lower, the trends were
similar to that calculated for peas alone.
DISCUSSION
The results obtained in this study and by other
researchers (Vose et al. 1976; Savage and
Deo 1989) indicate that the chemical compo-
sition of most pea cultivars may be similar
except for the content of condensed tannins'
The starch content (.40.3% Trapper and
39.5% Maple) and crude protein of the seeds
(20.8 and 24.1%) are in good agreementwith
values commonly found in other cultivars
(Institut Nationai de la Recherche Agrono-
mique 1984). Dehulling reduced the fiber
content ofpeas and proportionately increased
the concentration of other nutrients including
protein and digestible carbohydrates. The
modification in nutrient concentratron was
similar to that seen with fababean, with pea
PeaDiet
I Corn-soy basal (CS)
4 CS + TP (50:50)
5 CS + MP (50:50)
6 CS + autoclaved TP (50:50)
7 CS + autoclaved MP (50:50)
8 CS + dehulled TP (50:50)
9 CS + dehulled MP (50:50)
SEM
11 90
10.5 3
10.02
10.52
10 89
10.70
I 1.41
0.12
NA,
9.16
8.14
9.14
9.88
950
10.60
0.24
Treatment contrast
lvs.4
lvs.5
4vs.5
5vs.7
5vs.9
I vs. 6.7
I vs. 8.9
4,5 vs. 6.7
4.5 vs. 8,9
(4-5) vs. (6-7) interaction
(4-5) vs. (8-9) interactron
< 0.01 NA'
<0.01 NA
<0.01 0.01l
<0.01 <0.01
<0.01 <0.01
<0.01 NA
< 0.01 NA
<0.01 <0.01
<0.01 <0.01
<0.01 <0.01
< 0.01 < 0.01
P values
zNA : not applicable.
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hulls having a similar composition to those of
fababeans (Marquardt et al. 1975).
The addition of different crude enzyme
preparations to diets containing Trapper peas
tended to reduce feed intake and weight gain
(only Energex was significant) but not the
feed-to-gain ratio. In contrast, enzyme sup-
plementation improved the feed-to-gain ratio
of raw or autoclaved Maple peas (high-tannin
variety) but did not affect feed intake or
weight gain. These results suggest that
enzymes that have a wide range of activities
at higher levels of supplementation can
improve the utilization of peas by chicks but
considering data from studies 1 and 3, this
response appears to be variety dependant. It
is conceivable that other elzyme combinations
may be more effective as the starch of peas
is much less digestible than that of wheat
(Longstaff and McNab 1986, 1987).
Dehulling and autoclaving the two pea cul-
tivars produced different responses in the
chick. Dehulling improved the feed-to-gain
ratio of chicks fed both cultivars of peas while
autoclaving only improved the nutritional
value of the high-tannin cultivar (Maple).
Similarly, both treatments improved APD and
AME. values for chicks fed Maple but not
Trapper peas. These observations suggest that
the effect of the high crude fiber content of
pea hulls on efficiency of feed utilization can
be overcome by dehulling while the effect of
tannins and associated phenolic compounds,
compounds found in the hulls, on APD and
AME' values in the tannin-containing cul-
tivar can be eliminated by dehulling or b-y hear
treatment. Previously, Conan and Carre
(1989) demonstrated that autoclaving different
pea cultivars had a significant improvement
on the AMEn values. They did not, however,
indicate ifthey contained condensed tannins.
Similar studies with fababeans showed rhat
condensed tannins greatly decreased APD and
AME' values and that heat treatment and
dehulling were effective methods for either
inactivating or removing them from the seed(Marquardt and Ward 1979).
In conclusion, dehulling or autoclaving
improved the AME' and APD values of
tannin-containing peas but not of tannin-free
peas and dehulling both types ofpea improved
the feed-to-gain ratio but not weight gains.
Enzyme treatment was only beneficial when
added to diets with tannin-containing peas.
The performance of chicks fed a corn-pea diet
containing up to 48% pea can be simiiar to
that obtained with a corn-sovbean diet.
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